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ABSTRACT 
I'd like to take a few minutes at the outset of this meeting to welcome you to the sixth annual 
review of research Progress in Quantitative NDE and to provide you with some perspective for the pro-
gram that you will hear and participate in this week. As you know, the review is centered upon research 
work sponsored by the Defense Advanced Research Projects Agency and the Air Force (Drs. Michael Buckley 
and Joseph Moyzi s, Program r~anagers). In order to further promote techni ca 1 interchange, however, we 
have included related research efforts in this meeting that are sponsored by agencies other than DARPA 
and the Air Force. I'll focus my remaining remarks on three topics- the DARPA/AF goals, our approach 
for the attainment of those goa 1 s, and some accomplishments to date. I hope that these comments wi 11 
provide you with a perspective of the week's program. 
GOALS 
The goals of the DARPA/AF Program in Quanti-
tative NDE may be stated as follows: 
* To pursue advanced research in quantitative 
techniques for NDE. 
* To establish a focal point for NDE research. 
* To enhance communication between the research 
community and the NDE user. 
* To improve the scientific base for NDE in 
selected areas. 
In order to clarify and enhance the meaning of 
these goals, it is worthwhile to comment upon our 
definition of NDE. Although the definition is 
still in somewhat of a state of evolution, we have 
adopted an operational definition which is both 
functional and ambitious. It is: 
"Non-destructive evaluation (NDE) represents the 
capability to assess the state of a material, a 
component, or a structure from a series of 
quantitative non-destructive measurements, and 
to predict the remaining serviceability of the 
item in question from these measurements and 
their evaluation in the context of appropriate 
failure models." 
I would like to call to your attention and to 
emphasize one of the key differences involved in 
this definition for NDE and that which is in more 
common useage for non-destructive testing (NOT). 
As noted above, NDE involves the.concept of failure 
prediction, i.e. the capability to predict the 
remaining serviceable life of the item. This 
capability can only result when quantitative 
measurements of a flaw are available - it is not a 
capability found in current NOT field practices. 
The difference between NDE and NOT as implied by 
this single concept is rather enormous - both in 
potential benefit to the user and in the scientific 
content required to achieve that capability. 
APPROACH 
I would now like to discuss with you our 
approach for the achievement of a quantitative 
NDE capability. It is my hope that it will help 
you to place in perspective the various presen-
tations that you will hear this week and to realize 
that the achievement of a quantitative NDE capa-
bility, as defined above, represents the develop-
ment of an integrated scientific structure as 
well as the achievement of individual research 
results. It is indeed a "team" effort. 
The various elements of quantitative NDE 
are shown in Figure 1, and labeled on the figure. 
This is a "modular" view in which not only the 
"modular" elements of work are shown but also the 
principal directions of work flow and integration. 
As noted earlier, this integration is essential 
to the achievement of a working NDE technology. 
In this figure, the three principal research 
"modules" are shown in the "northwest" quadrant 
of the roadmap and are entitled "Quantitative 
Measurement Techniques," "Probabalistic Failure 
Models," and "Life Prediction and Quantitative 
Decision Processes." The first of these is aimed 
at the development of quantitative inspection 
techniques, the second of these is concerned 
with the adaptation and development of failure 
models that are heavily materials-oriented, and 
the third is devoted to the development of tech-
niques that are suitable for the combination of 
results of the first two modules into a proba-
balistic service-life prediction. Most of the 
presentations that you will hear this week re-
present building blocks that fit into one of these 
modules. The two boxes at the right margin of the 
figure represent the engineering outputs of this 
approach. They represent the "tools" and the 
"rules" of an operating NDE Technology- i.e. 
quantitative inspection hardware and probaba-
listically based accept/reject criteria. Both of 
these are essential for an efficient, operating 
NDE Technology. 
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Also shown on the figure are two other 
entries - management options and a priori know-
ledge. Management options refers to choices that 
management wishes to exercise in regard to cash/ 
risk tradeoffs, and which sets the "bias" on the 
accept/reject criteria. We believe that the 
approach developed here represents the first time 
that such management choices can be traced in 
detail back to fundamental materials and measure-
ment knowledge, and in which cause-effect 
relationships between the two can be demonstrated. 
The final box, a priori knowledge, represents the 
body of historical knowledge and data that may 
exist about a material or a component that can 
also be inputted usefully into the life prediction 
capability. Details of work related to these 
latter modules will not be presented in this 
pro§ ram. 
Now, we found that each one of these ele-
ments or modules, if you will, is a subsystem 
of building blocks itself, and I would like to 
say a few words about the nature of the work that 
is contained in the research modules. 
In Figure 2 are shown the building blocks of 
the measurement module, that is, those steps that 
we have found to be necessary in order to achieve 
a quantitative flaw characterization capability. 
First of all, it is important to understand, at 
least approximately, the theoretical interaction· 
of the probing energy with a flaw. Besides pro-
viding an understanding of the interaction, these 
theories provide useful hardware design guidelines. 
Secondly, these theories must be compared with 
experimental results both to guide the theoretical 
developments and also to verify the theoretical 
developments. Having done this, then, one can 
use these approximate theories for inverse pro-
cedures which are the necessary steps that are 
used to extract quantitative flaw information 
from the measurements. With this information 
various fracture-r~lated parameters (such as 
stress intensity factors) can then be derived. 
The output of this development can then be fed 
into the life-prediction modules. 
The second important module of work is that 
of the development of probabilistic failure 
models to go with these measurements. Building 
blocks of this module are shown in Figure 3. 
Failure models have a generic base in fracture 
mechanics, of course; as it turns out, however, 
many materials and components have specific 
requirements as far as the development of failure 
models ·is concerned. These depend upon the usage 
cycle, the brittle/ductile nature of the materials 
and so on. Thus, some specificity must be employed 
in the development of useful failure models. 
The first step of major importance in this 
area is to identify and to prioritize these flaws 
which are serious in a failure-initiating sense. 
Of the multitudinous flaws that are possible, it 
is our estimate that one needs to deal with those 
which can be identified as important to the actual 
field failure conditions, and to develop the 
statistical failure models according to those 
identified flaws. Please note these are statist-
ical in nature. At our current level of knowledge 
of materials preparation and processing, all 
materials exhibit a variance in their failure 
2 
modes and rates. Thus, statistical represen-
tations are essential. Again, as with the 
measurement modules, these failure models need to 
be verified with experimental characterization and 
statistical analysis of the failure itself. The 
output of this module is incorporated into the 
life prediction module, along with the results 
of the first module. Again, that leads into the 
life-prediction box. 
Building blocks of the third research module, 
Life Prediction and Quantitative Decision Pro-
cesses, are represented in Figure 4. Individual 
research topics in this module are devoted pri-
marily to the mathematical development of appro-
priate probabalistic formats which must incorporate 
the outputs of modules 1 and 2 to provide prob-
abalistic predictions of failure. This module 
must make provision also for the coupling of 
cost/risk choices and any a priori history. 
As I noted earlier, the development of a non-
destructive evaluation capability is not a one-
shot problem. It is, rather, a systematic and 
logical system build-up which includes quanti-
tative measurements, materials performance, and a 
mathematical treatment of appropriate probaba-
bilitiesin order to produce a predictive NDE 
Technology. 
ACCOMPLISHMENTS 
Although the development of a complete NDE 
Technology is not complete, remarkable progress 
has been made toward this goal in the relatively 
short span of the DARPA/AF program. Some of these 
accomplishments will be given in this section in 
order to provide you with a further perspective 
of the meeting. Highlights that are given here 
are necessarily much abbreviated and cannot convey 
the credits that are due to the individual program 
participants. Rather, they highlight the nature 
of the team effort. 
A number of important advances have been made 
in what may be called research accomplishments. 
These include: 
* Demonstration of all phases of a quantitative 
ultrasonic technology with current appli-
cations to eddy current measurements 
(Module 1). 
* Demonstration of failure mode analyses for 
structural ceramics and initial insights of 
analyses for metallic materials 
(Module 2). 
* Demonstration of failure predictive 
technology for structural ceramics 
(Module 3). 
* Many stand-alone spinoffs. 
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In addition, several important advances have 
also been made in the reduction to practice of 
new research results generated in the DARPA/AF 
program. These include: 
* Electromagnetic Acoustic Transducer (EMAT) 
Technology 
- Initiation of Albuquerque Development 
Laboratory 
- Air Force Cracks under Fasteners 
- Army Projectiles 
- Navy Sonar Domes 
- Railway Inspection 
- Pipeline Inspection 
- EPRI Steam Generator Tubing 
* DARPA Test Bed 
- Integration of Research Results 
- Expected Impact on Retirement for 
Cause Strategies. 
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